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GOAL RESOURCES OF THE TRINIDAD COAL FIELD IN 
HUERFANO AND LAS ANIMAS COUNTIES, COLORADO

By Koss B. JOHNSON

ABSTRACT

The Trinidad coal field underlies an area of about 1,100 square miles in 
Huerfano and Las Animas Counties, south-central Colorado, and extends from 
the Colorado-New Mexico boundary northward almost to the Huerfano River. 
Its western margin is the eastern front of the Sangre de Cristo Mountains, 
and its eastern margin extends to longitude 104° 30' West. The coal field is 
largely a highly dissected upland area in the westernmost part of the Great 
Plains province, and the coal occurs in rocks limited to the structural trough of 
the Raton basin.

Sedimentary rocks of Paleozoic, Mesozoic, and Cenozoic age crop out in or 
near the Trinidad coal field. Rocks of pre-Cretaceous age are exposed in the 
Sangre de Cristo Mountains and the Wet Mountains west and north of the coal 
field. Cretaceous and younger rocks crop out in and adjacent to the field. 
The sedimentary rocks in the coal fisld include the Trinidad sandstone and the 
coal-bearing Vermejo formation of Cretaceous age, the coal-bearing Raton forma­ 
tion of Cretaceous and Paleocene age, the Poison Canyon formation of Paleocene 
age, and the Cuchara and Huerfano (?) formations of Eocene age.

Igneous rocks have been intruded as stocks, laccoliths, sole injections, plugs, 
dikes, and sills into the sedimentary rocks in and adjacent to the Trinidad coal 
field. The igneous rocks vary in composition from mafic to silicic, and range 
in texture from very fine to coarse grained.

The effect of contact metamorphism on the sedimentary rocks that were 
invaded by magma generally was not great. However, shale has been altered to 
slate and phyllite at the White Peaks, the Black Hills, and other smaller intrusive 
masses. Contact metamorphic effects are very prominent next to the intrusive 
mass of West Spanish Peak. Conglomerate, sandstone, and shale beds have 
been altered to conglomeratic quartzite, quartzite, hornfels, and slate. In a 
faulted block that lies between West Spanish Peak and East Spanish Peak, shale 
and sandstone beds have been altered to slate and quartzite. At several local­ 
ities sills have replaced coal beds or altered them to natural coke over several 
square miles.

The Raton basin is the principal structural feature of the coal field; it is 
a broad asymmetric trough whose axis trends generally northward through the 
field. Smaller folds of variable orientation and relief are scattered throughout
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the coal field. The rocks in the Sangre de Cristo Mountains along the western 
margin of the Trinidad coal field have been thrust faulted, but involve the coal- 
bearing and younger formations only locally. Normal faults are not common 
in the coal field, but isolated groups of normal faults of small displacement occur 
throughout the area.

Beds of coal occur throughout the Vermejo and Baton formations, and thin 
beds of coal occur locally in the lowermost beds of the Poison Canyon forma­ 
tion. The beds of coal differ in thickness and in purity. Those in the Baton 
and Poison Canyon formations are, in general, more lenticular than those in 
the Vermejo formation. The coal is a nonagglomerating high-volatile C bitumi­ 
nous coal in the northern part of the coal field, and an agglomerating high 
volatile A and B bituminous coal in the southern part of the field. On an "as 
received" basis the heating value ranges from slightly more than 11,000 to 
slightly less than 14,000 Btu. The original reserves are estimated on a "bed-by- 
bed" basis and on a "coal-zone" basis to have been about 16,367 million short 
tons. The original recoverable reserves based on an average percentage of 
recovery in coal mines of the western United States are about 8,184 million 
short tons. At least 218 million tons of coal had been mined by 1957, or about 
2.7 percent of the estimated total recoverable reserves.

INTRODUCTION

LOCATION AND EXTENT OF THE COAL FIELD

The Trinidad coal field underlies an area of about 1,100 square 
miles in Huerfano and Las Animas Counties (fig. 18) in the south- 
central part of Colorado. It is irregular in shape, the boundary ex­ 
tending from the Colorado-New Mexico boundary, northward along 
the front of the Sangre de Cristo Mountains almost to the Huerfano 
Eiver; and thence southeastward to longitude 104°30' West near the 
State line. The Trinidad coal field is that part of the Katon Mesa coal 
region (Kichardson, 1910, p. 379) that lies in Colorado, whereas the 
Katon coal field is that part of the coal region in New Mexico. This 
report describes the coal resources of the Trinidad coal field west of 
longitude 104° 30' W.

PURPOSE AND SCOPE OF REPORT

The purpose of this report is to describe the coal deposits of the 
Trinidad coal field, to evaluate the total coal reserves of the field, and 
to synthesize information contained in recently published Geological 
Survey reports on coal resources of various parts of the coal field (see 
fig. 18.) Geologic work was directed principally toward describing, 
measuring, and tracing the coal beds and enclosing strata to determine 
the coal reserves of the field. Attention was also given to the sedi­ 
mentary, metamorphic, and igneous rocks to determine the general 
geology, structure, and geologic history of the coal field and sur­ 
rounding regions.



RESOURCES OF TRINIDAD COAL FIELD, COLORADO 131

FIELDWORK AND ACKNOWLEDGMENTS

The fieldwork on which this report is based was done during the 
summers of 1948, 1949, 1950, 1951, 1952, and 1956. Workers in the 
field included G. H. Wood, Jr., K. B. Johnson, D. H. Eargle, ft. T.

104° 30'

f XX WALSENBURp/' X

104° 30'

30 MILES

EXPLANATION

Area of coal maps Trinidad coal field

FIGURE 18. Index map of the Trinidad coal field, Colorado, showing areas of recent coal 
reports by the Geological Survey: Stonewall-Tercio area (Woo'd, Johnson, Eargle, and 
others, 1951),. La Veta area (Johnson and Stephens, 1954a, l,954b), Gulnare, Cuchara 
Pass, and Stonewall area (Wood, Johnson, and Dixon, 195i6), Starkville-Weston area 
(Wood, Johnson, and Dixon, 1957), Walsenburg area (Johnson, l!958a), and Trinidad^ 
Aguilar area (Harbour and Dixon, 1959).
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Duffner, and Harald Major in 1948; G. H. Wood, Jr., R. B. Johnson, 
and G. H. Dixon, assisted by K. W. Brett, in 1949; G. H. Wood, Jr., 
R. B. Johnson, and G. H. Dixon, assisted by J. D. Hill, in 1950; R. L. 
Harbour with G. H. Dixon, and R. B. Johnson with J. G. Stephens, 
in 1951; R. L. Harbour assisted by R. L. Koogle in 1952; and R. B. 
Johnson assisted by J. E. Doty in 1956.

Fieldwork consisted of mapping sedimentary formations, coal beds, 
igneous and metamorphic rocks, and structural features on single-lens 
photographs. Individual beds of sandstone were traced laterally 
where exposed to facilitate correlation of coal beds. Coal beds were 
measured, described, and correlated in the field wherever outcrops 
were available for examination. The base for the small-scale regional 
geologic map (pi. 12) was prepared from planimetric quadrangle 
maps compiled in 1940 by the U.S. Forest Service.

Vertical control for structure contouring was obtained over most 
of the coal field photogrammetrically, or with a telescopic alidade 
from bench marks previously established by the Coast and Geodetic 
Survey and the Geological Survey. In the southeastern quarter of 
the Spanish Peaks quadrangle vertical control was taken from recent 
topographic maps by the U.S. Geological Survey. The drainage, 
culture, and geology were transferred from aerial photographs to 
base maps by use of stereoscopic plotters or vertical projectors.

The author wishes to express appreciation to Mr. J. H. P. Fiske of 
the engineering firm of Douglas, Corey, and Fiske in Walsenburg, 
Colo., who kindly supplied much information consisting of mine maps, 
diamond-drill records, and the descriptions of coal seams.

PREVIOUS WORK

Coal has been known in this general area for almost a century and 
a half, and many reports have been written on the geology, paleon­ 
tology, and coal resources of the Trinidad field. Geologic features 
were described by American exploration parties before the region was 
acquired by the United States in 1845. The expedition of Major S. H. 
Long to the Rocky Mountains in 1819 and 1820 reported coal near 
Canon City, Colo. (James, 1821; Long, 1823). Military expeditions 
by Abert (1848) and Emory (1848) discovered coal in the Trinidad 
coal field in 1846, and Abert collected fossil plants near Trinidad 
which Bailey (1848) determined to be "younger than Carboniferous".

Territorial surveys under the leadership of F. V. Hayden visited 
the coal field, described the rocks, and referred the coal-bearing rocks 
to the Tertiary (Hayden, 1867, 1868a, 1868b, 1873, 1876a, 1876b, and 
1877). Le Conte (1868) in a survey for the Union Pacific Railway 
examined fossil plants and shells near Trinidad, Colo., and concluded
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that the coal was of "middle Cretaceous" age. In a report on mines 
and mining west of the Kocky Mountains, Eaymond (1870) described 
coal beds at several localities in the Eaton Mesa region.

Lesquereux (1871,1872a, 1872b, 1873,1874a, 1874b, 1874c, 1878, and 
1883) described specimens of fossil plants from near Trinidad, along 
the Purgatoire Eiver, and several other localities, and regarded these 
plants as being Eocene in age. However, Newberry (1874) took issue 
with the views of Hayden and Lesquereux, and stated that the coal- 
bearing beds are of Cretaceous age. In a description of the Eaton 
coal field of New Mexico, St. John (1876) agreed with Hayden and 
Lesquereux that the coal beds are of Tertiary age. Endlich (1877) 
made the first detailed study of the Trinidad coal field in 1875, and 
concluded that the coal should not be assigned to either the Cretaceous 
or Tertiary, but should form a transition between them (Endlich, 
1877, p. 211).- Stevenson (1879, 1881, 1885, and 1889), during the 
field seasons of 1878 and 1879, made a thorough examination of the 
coal field south of the Spanish Peaks, and Eiggs (1887) later reported 
natural coke along the Purgatoire Eiver.

About this time. Hills began his studies of the Trinidad coal field, 
and wrote a detailed article on the field in his report on the coal fields 
of Colorado (Hills, 1893). This article was followed by his excellent 
folios describing the geology of the Elmoro (Hills, 1899), Walsenburg 
(Hills, 1900), and Spanish Peaks (Hills, 1901) quadrangles.

In 1889 Lakes began his series of reports (1889, 1891, 1899, 1902, 
1903a, 1903b, 1904a, 1904b, 1905a, 1905b, 1905c, 1905d, 1905e, and 
1911) on the fuel resources of the region and on the various coal 
mines and districts of the Trinidad coal field. Papers by Mead 
(1900), Hosea (1904a, 1904b, and 1905), Plumb (1905), and Whiteside 
(1909) described several coal mines and mining districts in the field.

Lee (1909), while studying the Eaton coal field in New Mexico, di­ 
vided the coal-bearing rocks into the Vermejo formation of Late Cre­ 
taceous age and the Eaton formation of Eocene age. He divided the 
formations at the base of a prominent conglomerate which he defined 
as the basal bed of the Eaton formation, and which he interpreted 
as reflecting an unconformity between the Cretaceous and Tertiary 
systems. In later papers (1911a, 1911b, 1914, and 1916) Lee vigor­ 
ously supported the existence of an unconformity between the Ver­ 
mejo and Eaton formations. His extensive work in the Trinidad and 
Eaton coal fields culminated in a comprehensive report on the Eaton 
Mesa region (Lee, 1917). Lee collected the fossils that were described 
and identified by Knowlton (1913,1917).

Eichardson (1910) presented a detailed account of the coal 
resources of the Trinidad coal field, and continued to refer the coal-
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bearing beds to the Laramie formation of Late Cretaceous age. 
Willis (1912), as a result of a short visit to the region, agreed to the 
separation of the coal-bearing rocks as advocated by Lee, but referred 
the Vermejo to Montana time and the Eaton formation to earliest Ter­ 
tiary or latest Cretaceous time.

The Cretaceous-Tertiary boundary in the Trinidad coal field was 
later determined by Brown (1943) to be several hundred feet above 
the base of the Eaton formation; he assigned the upper part of the 
Eaton formation to the Paleocene. Later reports in this region by 
the Geological Survey have followed the age assignments of Brown.

As part of the present investigation, areal reports on the geology 
and coal resources of parts of the Trinidad coal field have been pub­ 
lished by Wood, Johnson, Eargle, and others, 1951; Johnson and Ste­ 
phens, 1954a, 1954b; Wood, Johnson, and Dixon, 1956,1957; Johnson, 
1958a, 1958b; and Harbour and Dixon, 1959. The coal deposits of 
the Eaton basin were briefly reviewed by Carter in 1956, and in that 
year Johnson and Wood (1956) described the uppermost Cretaceous 
and Tertiary stratigraphy of the basin.

GEOGRAPHY

LAND FEATUBES

The Trinidad coal field (pi. 12) is in large part a highly dissected 
upland area in the westernmost part of the Great Plains province; 
its western margin lies along the eastern foothills of the Sangre de 
Cristo Mountains. The coal field is made up of rocks that are limited 
to the deepest part or trough of the Eaton structural basin (Johnson 
and Wood, 1956, p. 707) of Colorado and New Mexico. Along the 
western and eastern boundaries of the field the more resistant beds 
of the Trinidad sandstone separate the coal field from the surrounding 
lowland areas that are underlain by the Pierre shale.

The southern margin of the Trinidad coal field along the Colorado- 
New Mexico State line is marked by a high, relatively flat, and intri­ 
cately dissected divide between the Purgatoire and Canadian Eivers. 
In the northern part of the field, north of the Cuchara Eiver, the hills 
are low and rolling, and they diminish in height to the north where 
the Baton Mesa region merges into Huerfano Park.

Surface altitudes range from 6,150 feet near Trinidad and 6,230 
feet near Walsenburg, along the eastern edge of the coal field, to 
altitudes of 12,708 feet on East Spanish Peak and 13,623 feet on West 
Spanish Peak. These two conical mountains rise abruptly above 
the surrounding country, and are the dominant landmarks of the 
region. The land surface slopes from the Spanish Peaks to the north, 
east, and south in a series of discontinuous steplike platforms. The
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igneous masses that comprise Dike Mountain and the Black Hills in 
the northwestern extremity of the coal field are also prominent topo­ 
graphic features. Igneous dikes crisscross the coal field, and because 
of their resistance to erosion they stand as relatively straight vertical 
walls as much as 100 feet above the surrounding country.

DEAINAGE

The Trinidad coal field is drained by streams tributary to" the 
Arkansas River. The Huerfano, Cuchara, Apishapa, and Purga- 
toire Rivers are the main streams that drain the area (pi. 12); they 
flow generally eastward from the mountains to the plains.

The headwaters of the-Huerfano River are near the crest of the 
Sangre de Cristo Mountains. The Huerfano River flows across 
Huerfano Park and south of the southernmost extension of the Wet 
Mountains, where it passes within 2 miles of the northern end of the 
Trinidad coal field and then flows northeastward across the plains to 
the Arkansas River. Within the coal field a low rolling divide 
separates the drainage system of the Huerfano River from that of 
the Cuchara River to the south.

North and west of the Spanish Peaks the Trinidad coal field is 
drained chiefly by the Cuchara River and its tributaries. The 
Cuchara River heads near the crest of the Sangre de Cristo Mountains 
west of West Spanish Peak, skirts the coal field for a short distance, 
and then crosses the field through a wide valley in a northeastward 
direction. It crosses the plains to flow into the Huerfano River a 
few miles above its conjunction with the Arkansas River. A high 
rugged divide culminated by the Spanish Peaks and marking the 
Huerfano-Las Animas County line separates the drainage system of 
the Cuchara River from the drainage systems of the Apishapa and 
Purgatoire Rivers to the south.

The Apishapa River starts on the southwest slope of West Spanish 
Peak in the western part of the Trinidad coal field, and flows across 
the field in a general eastward direction. On the plains it flows in a 
northeastward direction to its confluence with the Arkansas River. 
An intricately dissected divide in the coal field, locally known as 
"Pine Ridge", separates the drainage basin of the Apishapa River 
from the drainage area of the Purgatoire River to the south. To the 
west the two drainage systems are parted by a high rolling divide, 
which, near the Huerfano-Las Animas County line, separates the three 
basins drained by the Cuchara, Apishapa, and Huerfano Rivers.

The southern part of the Trinidad coal field is drained by the 
Purgatoire River and its tributaries. The Purgatoire River is the 
largest perennial stream in the coal field. Three main branches,
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North Fork, Middle Fork, and South Fork, flow into the Purgatoire 
in the western part of the field. The Purgatoire flows across the area 
in an eastward direction, but where it reaches the plains it flows 
northeasterly to the Arkansas River. The North Fork begins within 
a few hundred feet of the headwaters of the Cuchara River on the 
flanks of Trinchera Peak at the crest of the Sangre de Cristo Moun­ 
tains. A high, relatively flat and intricately dissected divide at the 
Colorado-New Mexico State line separates the drainage system of the 
Purgatoire River from that of the Canadian River.

CLIMATE

The climate of the Trinidad coal-field ranges from semiarid in the 
plains to subhumid in the mountainous areas. The average annual 
rainfall ranges from less than 14 inches at Walsenburg to almost 30 
inches near the summits of the Spanish Peaks, and the number of 
rainy days on the peaks is probably three times the number of rainy 
days on the plains. Most of the precipitation occurs from April to 
September, with a general tendency toward drought in June. The 
rainfall occurs during the summer months at lower elevations as in­ 
frequent heavy thunderstorms, which convert the streams into 
temporary torrents.

Temperatures decrease steadily with increase in altitude. 
Although the mountains are generally colder than, the plains, diurnal 
and annual temperature changes are much greater on the plains.

The following table gives recorded temperature and precipitation 
for the area.

Winds across the coal field are usually from the west throughout the 
year. Wind movement is slow near the foot of the mountains and 
increases in velocity to the east. Wind velocity is generally greatest 
in the afternoon, and the annual peak in wind velocity is in the spring.

VEGETATION

With altitudes ranging between 6,150 feet and 13,623 feet, the 
Trinidad coal field includes four floral life zones: the foothills (transi­ 
tion) zone, the montane (Canadian) zone, the subalpine (Hudsonian) 
zone, and the alpine (Arctic) zone.

About 80 percent of the coal field is in the foothills zone, which at 
this latitude generally is between the altitude of 6,000 feet and 8,000 
feet. The entire eastern and northern parts of the coal field (pi. 12) 
are in this life zone, and open coniferous forests and grasslands typical 
to the foothills zone reach the western margin of the field along the 
valleys of the Purgatoire and Cuchara Rivers.
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Climatological data for Trinidad coal field and surrounding area 

[From U.S. Weather Bureau reports!

Station
Years

of
record

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. An­
nual

Mean precipitation, in inches

La Veta Pass _ .......
Madrid. ------....._._.

27'4
18
V7lj(.

45
is;i
63

6
ll'i
57
20
22

0,75
.58
;33

1.45
21
87

.62

.20
,50

41
.58

1 57
,65
.71

1.75
69

1 34
.11
,50
79
4n

.7n

2,16
on

73
2 59
.85

1 70
EQ

,58
Q7

82
1 32

293
1 51
1 CO

2.20
1 93
0 Of\

1 94
2 W
1 SI
1 42
1 99

2 27
1 50
1 74
2 m
1 34
2 23
1 63
1,71
202
2 21
2 33

1 54
.72

1 24
1 18
1 59
i *yj

76
1.62
1 74
1,32

84

3 64
1.60
?, 34
2 15

2.%
3 50
2 28
4 78

?, 29
i fin
1.55

268
1 41
1 77
2 in
2<in3 n2
?, 32
?, 87
?, Ifi
1 91
1.51

1 fi5
.72

1 19
1 28

98
1 48
1 99
1 15
1 39
1 17

81

1.81
48
96

1 55
1 27
1 27

78
1 28
1,17

7fi
.81

1 50
.54
.57

1 fi5
42

.97
42
51

.78
49
73

1.27
.41
.sn

1.57
.51

i.nfi
.74
,49
.64
.39
.56

23.77
10.92
14.20
21.48
14.75
21.41
14.17
17.97
16.26
12.90
13.73

Mean temperature, in °F

Trinidad. ...... _..._...
Trinidad Airport. .._...
Walsenburg _ ....... ...

16
15
15

32 8
29 9
33.2

36. 3
34,2
36,1

40 6
38 9
4n. 2

49,7
49,2
40 1

58 n
57 8
57.7

67 5
67, n
66. n

724
72 7
71 4

71 3
71.8
7n.7

64 7
64 4
63 2

53 9
53, 8
54.5

41 1
39.2
41,8

35. 1
33, 2
36.7

52.0
51 n
51,8

Mean snowfall, in inches

Cuchara Camps. _ 
Gardner__....
La Veta Pass...-. 
North Lake.._..__ 
Trinidad........
Trinidad Airport. 
Walsenburg_....

10.1
9.1

21.9
13.3
8.4
7.4
7.6

18.3
9.0

24.4
15.4
9.3
5.1
8.4

18.3
11.8
31.0
21.3
10.0
7.8

14.7

19.4
7.1

32.3
18.0
8.5
6.1

10.1

14.1
I.5

II.5
5.9
2.0
.6

1.2 .0

0.0
trace

.0

.0
trace trace trace

.0

0.0
.0

trace
trace trace

.0

.0

1.6 
trace
1.6
1.1 
.9 
.2

1.1

4.2 
.5

8.2
3.6 
.8 
.1

3.3

14.3
5.0

16.7
10.1
8.0
5.3
7.8

6.9
16.0
10.2
6.3
6.2
7.4

109.2
51.0

164.4
99.0
54.2
38.8
61.6

The montane zone comprises about 18 percent of the area of the 
Trinidad coal field, and typical coniferous forests and aspen groves 
are found at altitudes between 8,000 and 10,000 feet on the flanks of 
the Spanish Peaks and in the upland areas in the western part of the 
field south of the Spanish Peaks.

The subalpine zone ranges in altitude from approximately 10,000 
feet to timber line, which is at 11,500 feet on the south slopes and 
about 11,000 feet on the north slopes of the Spanish Peaks. The sub­ 
alpine zone constitutes only about 2 percent of the area of the coal 
field, and is characterized by dense coniferous forests.

Less than one percent of the area of the coal field is in the alpine 
zone above timberline on the Spanish Peaks. This is an area of steep 
slopes, a short growing season, and rapid runoff of water, and there­ 
fore vegetation is sparse.

UTILITY

The land surface of the Trinidad coal field with the exception of 
that above timberline is suitable for grazing, farming, or lumbering. 
Most of the land is favorable for grazing cattle and sheep, and live­ 
stock is the major agricultural product of the area. Grazing condi-
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tions differ with locality, and upland meadows have an abundance of 
grass. Irrigation farming is practiced along the valleys of the major 
streams, and alfalfa and some of the larger grains are the principal 
crops. Dry farming is practiced on upland terraces and open fields 
at intermediate elevations, and timothy, millet, rye, and beans are 
produced. Apples and plums are grown in valleys where there is 
sufficient water. Lumbering has been carried on for many years 
within the coal field, and sawmills still furnish timber to ranchers 
and the mining industry. The most important product of the region 
is coal, which has been used for coking and domestic purposes for 
more than 80 years.

SETTLEMENT

The three largest communities in the Trinidad coal field are along 
the eastern margin where the three major streams flow from the up­ 
land areas of the coal field onto the plains (pi. 12). Trinidad, with a 
population of about 12,200 in 1950, is on the Purgatoire Eiver; Wal- 
senburg, with about 5,600 people in 1950, is on the Cuchara River; 
and Aguilar, with about 1,000 people in 1950, is on the Apishapa 
River. The rural population is centered mainly in small ranching 
and farming communities along the Purgatoire, Cuchara, and Api­ 
shapa Rivers.

The population of the coal field has decreased steadily since 1930 
due in large part to the decline in coal mining. Many of the mining 
camps are now abandoned. The population of Las Animas County 
diminished from 32,368 in 1940 to 23,902 in 1950, and the population 
of Huerfano County decreased from 16,088 in 1940 to 10,549 in 1950. 
The population of the towns and cities declined almost without ex­ 
ception during this period, and it is suspected that the number of 
people on ranches and farms also dwindled.

TBANSPORTATION AND ACCESSIBILITY

The Trinidad coal field is easily reached by major railroads and 
highways and by an airline; many secondary roads and several freight 
rail lines extend into the coal field from population centers. The 
main line of the Atchison, Topeka, and Santa Fe Railway passes 
through Trinidad and crosses the southeastern corner of the coal field. 
The Colorado and Southern Railway passes through Walsenburg and 
Trinidad. A branch line of the Denver and Rio Grande Western 
Railroad serves Walsenburg and La Veta. A short branch line from 
Walsenburg skirts the northern end of the coal field. The Southern 
Division of the Colorado and Wyoming Railway extends from its 
junction with the Atchison, Topeka, and Santa Fe Railway up the
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Purgatoire Kiver to the Alien mine near Stonewall. Trinidad is 
served by Continental Airlines.

SEDIMENTARY ROCKS

Sedimentary rocks of Paleozoic, Mesozoic, and Cenozoic age crop 
out in or near the Trinidad coal field. Eocks of pre-Cretaceous age 
are exposed in the Sangre de Cristo Mountains and the Wet Moun­ 
tains west and north, respectively, of the coal field, and crop out in 
the canyons of the Huerfano, Cuchara, Apishapa, and Purgatoire 
Rivers northeast and east of the field. Cretaceous and younger rocks 
crop out in and adjacent to the coal field.

Exposures of sedimentary rocks of Late Cretaceous and Tertiary 
age are generally fair throughout the coal field. The rocks in areas 
adjacent to the Cuchara and Huerfano Kivers are not so well exposed 
as in those areas adjacent to the Apishapa and Purgatoire Rivers to 
the south, but are better exposed than those on the timbered mountain 
flanks at altitudes between 9,000 and 11,500 feet. Exposures of rocks 
above the timberline are excellent. The sedimentary rock sequence 
is summarized graphically on plate 12, and the areal distribution of 
the formations is shown on the geologic map.

Quaternary alluvium is present in most of the stream bottoms and 
on adjacent flood plains. Soil and pediment deposits cover large 
parts of the area. Landslide debris surrounds the mountains.

MESOZOIC EOCKS 

ROCKS OF CRETACEOUS AGE

TRINIDAD SANDSTONE

The Trinidad sandstone (Hills, 1899, p. 2) of the Montana group 
(Eldridge, 1888, p. 93) was first described southeast of Trinidad in 
the Elmoro quadrangle. Hills divided the formation into the lower 
and upper Trinidad with a thickness of 75 feet for the lower part 
and 70 to 80 feet for the upper part. Later he changed the name to 
Trinidad sandstone (Hills, 1901, p. 1), but retained the same forma- 
tional boundaries. Lee (1917, p. 48) redefined the formation by 
assigning the lower Trinidad to the Pierre shale and by retaining the 
upper Trinidad as the Trinidad sandstone. In general, recent reports 
by the Geological Survey have followed Lee's definition of the 
Trinidad sandstone.

The formation is 45 feet thick southeast of Trinidad, and it increases 
in thickness westward to 260 feet near Stonewall on the western 
margin of the coal field. However, the formation ranges in thickness 
from a thin edge at the northwestern edge of the coal field, where it
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has been truncated by Paleocene erosion, to a maximum thickness of 
310 feet in a well drilled southwest of the Black Hills. The Trinidad 
sandstone is very well exposed along the eastern margin of the coal 
field between Trinidad and Walsenburg as a massive cliff or series of 
ledges. Elsewhere it is covered or poorly exposed, but nevertheless 
forms a bench above the softer underlying Cretaceous shale beds.

The Trinidad sandstone consists of one to three light-gray, gray, 
and buff slightly arkosic sandstone beds with thin interbeds of light- 
gray, gray, and light-tan silty shale. The sandstone is medium-thick 
to thick bedded, and is most commonly in tabular beds. However, 
the bedding may be occasionally irregular and infrequently lenticular. 
The sandstone is quartzose with some weathered feldspar, mica, and 
ferromagnesian minerals. The sandstone is predominantly fine 
grained but the grains range from very fine to medium size. 
Cementing materials are calcium carbonate, clay, and silica, and 
cementation varies from good to poor. Casts and molds of Halyme- 
nites sp. are abundant.

VERMEJO FORMATION

The Vermejo formation (Lee, 1913, p. 531) of Montana and post- 
Montana age rests conformably on the Trinidad sandstone over most 
of the Raton Mesa region. The base of the formation is drawn at the 
top of the highest sandstone bed in the Trinidad sandstone. The 
formation is apparently absent several miles southeast of Trinidad, 
but increases irregularly in thickness northwestward to a maximum 
of 550 feet southeast of Cuchara Pass. West of La Veta the average 
thickness of the Vermejo is about 375 feet, but the thickness varies 
from a thin edge where it is truncated by the erosion surface at the 
base of the Poison Canyon formation. The Vermejo formation is 
generally poorly exposed throughout the Trinidad coal field, except, 
along canyon walls, gullies, and road cuts.

The formation consists of complexly interbedded gray to black 
carbonaceous, coaly, and silty shale; buff, gray, and gray-green 
slightly arkosic sandstone; buff, gray, and dark-gray carbonaceous 
siltstone; and many coal beds. Most of the thinner sandstone beds 
have parallel bedding and parallel lamination, but the thicker beds 
are lenticular and irregular. Grains in the sandstone beds range from 
very fine to medium, and most are quartz with fewer grains of 
weathered feldspar, mica, and ferromagnesian minerals. The cement­ 
ing materials are clay and calcium carbonate. Coal is interbedded 
with beds of siltstone and shale a few inches to many feet thick 
(fig. 19). The lower few feet of the Vermejo formation are usually 
made up of shale, siltstone, and coal throughout much of the coal
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FIGURE 19. Cokedale coal bed in upper part of Vermejo formation north of Purgatoire 
River. Conglomeratic sandstone at base of Raton formation caps bluff to left. Three- 
fourths of a mile south of Cokedale, Colo. View is eastward.

field, but locally the basal part is made up of sandstone beds some­ 
what similar to those of the Trinidad sandstone.

Lee (1917, p. 64) believed that the rocks of the Vermejo formation 
were partly removed from the western part of the coal field and en­ 
tirely removed from the eastern part by widespread post-Cretaceous 
erosion. However, no evidence has been found of a regional uncon­ 
formity between the Vermejo formation and the overlying Raton 
formation. The contact is sharp, and the southeastward thinning of 
the Vermejo seems to be due to nondeposition rather than pre-Raton 
erosion.

MESOZOIC AND CENOZOIC BOCKS

ROCKS OF CRETACEOUS AND TERTIARY AGE

RATON FORMATION

The Raton formation (Lee, 1913, p. 531) is of Late Cretaceous and 
Paleocene age (Brown, 1943, p. 83), and comprises the surface rocks 
over large parts of the Trinidad coal field. The formation is usually 
well exposed along the eastern edge of the coal field between the 
Apishapa and Purgatoire Rivers, along the Purgatoire River, and
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south to the State line. North of Santa Clara Creek and along the 
western edge of the coal field the formation is generally poorly ex­ 
posed. The formation is completely truncated by the erosion surface 
at the base of the Poison Canyon formation at the northern limits of 
the coal field, but thickens to 1,700 feet southeast of the Spanish 
Peaks.

South of the Spanish Peaks, where rocks of the Eaton formation are 
well exposed, the formation has been divided into three unnamed 
members (Wood, Johnson, Eargle, and others, 1951; Wood, Johnson, 
and Dixon, 1956; and Wood, Johnson, and Dixon, 1957, p. 24 25). 
Harbour and Dixon (1959, p. 458) also separated the formation into 
three major units, but these do not correspond to the members differ­ 
entiated in the earlier reports. The formation has not been sub­ 
divided elsewhere in the coal field, but it generally consists of a thin 
basal conglomerate overlain by interbedded sandstone, siltstone, shale, 
and many coal beds.

The basal conglomerate is extremely variable in lithology and 
thickness, and varies from siliceous granule to pebble conglomerate to 
silicified conglomeratic sandstone beds. Color varies locally from 
gray, purple gray, and olive green to buff. The conglomerate ranges 
in thickness from a thin edge southeast of Trinidad to 250 feet near 
Stonewall. This basal unit consists of one to three thin to massive 
cliff- or ledge-forming beds, the lower of which is generally conform­ 
able with the uppermost beds of the Vermejo formation. Bedding is 
usually obscure, but locally crossbedding is distinct. The matrix 
is composed of fine to very coarse sand grains. Quartz granules and 
both fresh and weathered feldspar granules are scattered throughout 
the conglomeratic sandstone. Chert pebbles are found in the eastern 
part of the coal field, and pebbles of quartzite, granite, and gneiss are 
dominant in the western part. Grains and granules are angular to 
subrounded, and the pebbles are subangular to well rounded. The 
conglomeratic unit is usually very well cemented by silica; however, 
at a very few places it is extremely friable.

Above the conglomerate is an alternating sequence of graywacke, 
arkose, and quartzose sandstone with interbedded siltstone, shale, and 
coal. Sandstone beds are light gray to buff, and are thin bedded to 
massive. Thicker beds are commonly cross stratified, and they are 
generally lenticular but may be irregular or parallel. The grains 
range from very fine to medium size, but are coarse locally. Grains 
vary from subangular to subrounded, well to poorly sorted, and most 
are of quartz with fewer grains of white weathered feldspar, ferro- 
magnesian minerals, and rock fragments. The sand grains are ce­ 
mented by calcium carbonate and clay. Shale and siltstone beds are
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gray to black, and most of the beds are thicker than the beds of sand­ 
stone. The shale is mostly plastic and nonfissile, and its content of 
silt, sand, and carbonaceous material ranges widely. Shale varies 
from pure claystone through silty shale and shaly siltstone into silt- 
stone, and the carbonaceous shale may grade into impure coal and 
then into pure coal. Coal beds occur throughout the formation at 
many horizons (fig. 20), but near the top are more lenticular, less 
pure, and less numerous. Irregularly shaped ironstone concretions 
occur locally in the shale. Local intraformational angular uncon­ 
formities are common in the Raton formation and are especially well 
exposed in the valley of the Purgatoire River.

ROOKS OF TERTIARY AGE

POISON CANYON FORMATION

North of the Spanish Peaks the Poison Canyon formation (Hills, 
1888) of Paleocene age unconformably overlies the Raton and older 
formations. However, in the central and southern parts of the coal 
field the upper beds of the Raton formation intertongue with, and 
locally grade vertically and laterally into, the lowest beds of the 
Poison Canyon formation. Thus at most places in the central and 
southern part of the field the contact between the formations is diffi­ 
cult to determine. However, the position of the contact is drawn at 
the base of the lowermost sandstone that contains unweathered grains 
of pink feldspar. Sandstone beds are generally coarser grained in

FIGURE 20. 'Frederick coal bed in Raton formation exposed in axis of small anticline, 
and unconformably overlain by lenticular sandstone. .Along Colorado State Eoute 12 
north of Purgatoire River and Valdez, Colo. View is northward.
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the Poison Canyon formation, shale beds contain very little carbona­ 
ceous material, and coal is present at only a few places at the base.

About 50 to 100 feet above the contact with the Eaton formation, 
the Poison Canyon contains massive buff to red arkosic sandstone and 
conglomerate beds and thin yellow shale beds. The sandstone beds 
are coarse to medium grained, and contain much fresh feldspar. 
Conglomerate beds contain pebbles of granite, gneiss, and quartzite. 
Most beds of sandstone and conglomerate are lenticular and cross- 
bedded, and \vhere they crop out they weather into cavernous cliffs. 
Shale beds are plastic and slightly silty and generally show poor 
fissility. The Poison Canyon formation ranges in thickness from a 
thin edge in Huerfano Park to about 2,500 feet directly south and east 
of East Spanish Peak.

CUCHARA FORMATION

The Cuchara formation (Hills, 1891) of probable early Eocene age 
(Osborn, 1929, fig. 51) crops out in the trough of the basin, and ex­ 
tends from south of the Spanish Peaks into Huerfano Park. 
Throughout most of the coal field the Cuchara formation overlaps the 
Poison Canyon formation with marked unconformity. Directly east 
and northeast of East Spanish Peak the contact between the Cuchara 
and Poison Canyon formations appears to be conformable and transi­ 
tional, but owing to lack of exposures the true relations could not be 
determined.

The Cuchara formation is composed of red, pink, and white sand­ 
stone beds interbedded with bright-red, gray, and tan claystone. The 
sandstone beds are thin bedded to massive, parallel to cross stratified, 
and fine to very coarse grained. Red and pink sandstone beds are 
conglomeratic at many places, and are generally well consolidated. 
Claystone beds are thin to thick bedded, plastic, and contain very 
small amounts of silt. The thickness of the Cuchara formation is as 
much as 5,000 feet in the center of the sedimentary basin on the north 
slope of West Spanish Peak.

HUERFANO(?) FORMATION

Strata that overlie the Cuchara formation on West Spanish Peak 
and in a small area southwest of the peak (pi. 12) are tentatively 
assigned to the Huerfano formation (Hills, 1888) of Eocene age (Os­ 
born, 1929, p. 74). Hills (1901, p. 2) correlated these rocks with the 
Huerfano formation. He states:

Lithologically, only the basal zone is comparable with the typical beds on 
the Huerfano River, which, however, is accounted for by the difference in the 
character of the local debris at the time of deposition. Jn both localities the 
beds rest upon the Cuchara formation, which outcrops continuously between 
them, and thus places the fact of their identity almost beyond question.
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Later, however, Willis (1912, p. 758) concluded after a brief recon­ 
naissance of this region "that the Huerf ano Lake deposition did not 
extend as far to the east and south as the Spanish Peaks, and that 
variegated beds observed there are of older origin." Although differ­ 
ing greatly in lithology from typical beds of the Huerf ano formation 
in Huerf ano Park (Johnson, 1959, p. 102), these strata are tentatively 
assigned to the Huerf ano formation until sedimentary and paleonto- 
logical studies are completed.

The lowermost beds of the Huerf ano (?) formation seem to be con­ 
formable with the uppermost beds of the underlying Cuchara forma­ 
tion on the lorth and east flanks of West Spanish Peak. However, 
south and west of the peak the two formations are unconformable.

The Huerf ano (?) formation consists of interbedded, lenticular, 
poorly sorted beds of arkose and graywacke conglomerate, conglom­ 
eratic sandstone, and siltstone with a few beds of claystone. Con­ 
glomerate and conglomeratic sandstone beds vary from reddish brown 
to tan to gray. The bedding is medium thick to massive and len­ 
ticular. Torrential crossbedding is very distinct. The matrix of 
conglomerate and conglomeratic sandstone beds consists of poorly 
sorted, angular to subrounded grains of quartz, feldspar, ferro- 
magnesian minerals, and rock fragments. Grains range in size from 
clay to coarse sand, and are poorly to well cemented by clay, micro­ 
scopic rock fragments, and silica. The coarse fragments consist of 
subrounded to rounded pebbles, cobbles, and boulders of quartzite, 
gneiss, chert, sandstone, siltstone, claystone, and shale. Locally, red 
and gree.n clay balls and stringers of ferromagnesian minerals are 
found in these beds. Siltstone beds are gray to reddish brown, thin 
bedded, with isolated well-rounded pebbles of quartzite. Near the 
base of the formation many calcareous nodules are found within the 
siltstone beds, and irregular masses of siliceous, coaly material and 
scattered carbonaceous matter are locally present. Claystone beds 
are brownish red, silty, plastic, and thick bedded.

Although the Huerf ano (?) formation consists mainly of con­ 
glomerate and conglomeratic sandstone beds, the rock units become 
more definitely conglomeratic upward; the top of the formation con­ 
tains boulders as large as 10 feet in diameter. The formation is ap­ 
proximately 3,000 feet thick on the south flank of West Spanish Peak, 
and grades into a complex of sills and metamorphosed sedimentary 
rocks that is associated with the West Spanish Peak intrusive.

DEPOSITS OF QUATERNARY AGE

Deposits of alluvium consisting mainly of gravel cover most of the 
stream bottoms and valley flats. Landslide debris and talus cover
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many of the mountain slopes, and alluvial fans are at many places 
along the base of mountains. Coarse morainal deposits are present 
at the lower termination of the cirque basin on the north side of West 
Spanish Peak. Soil and extensive pediment deposits cover large 
areas of the coal field at many different elevations. The Quaternary 
deposits are mostly derived from formations that crop out nearby, 
and are poorly sorted and generally imconsolidated. They range in 
thickness from a few inches to many feet.

METAMORPHIC ROCKS

The large syenodiorite stock of West Spanish Peak and its asso­ 
ciated basalt sills have altered, by contact metamorphism, beds of the 
Huerfano (?) and Cuchara formations for at least 900 feet from the 
main intrusive. Conglomerate, sandstone, and shale beds have been 
altered to conglomeratic quartzite, quartzite, hornfels, and locally to 
slate. The contact is gradational from well-consolidated meta- 
morphic rocks to loosely consolidated sedimentary rocks. In contrast, 
there is no apparent alteration of the sedimentary rocks of the Cuchara 
formation at the contact with the much larger granite and grano- 
cliorite porphyry stock of East Spanish Peak. Metamorphism was 
noted only where stringers of the main mass intrude a faulted block 
of highly fractured sedimentary rocks that lies between West Spanish 
Peak and East Spanish Peak (pi. 12). The block is composed of 
slate and quartzite that were originally shale and sandstone beds of 
the Pierre shale, Trinidad sandstone, Vermejo formation, and Eaton 
formation. This block was probably torn from its position- at depth 
and moved upward to its present position by the magma of the East 
Spanish Peak intrusive.

Alteration of shale to slate has been fairly extensive away from the 
contact of the White Peaks and the Black Hills intrusives. Else­ 
where, the alteration of sandstone does not extend beyond several feet 
from the margin of the intrusive. Alteration of the coal beds to 
natural coke appears to be no more extensive than the alteration of 
sandstone and shale beds. At several localities sills have replaced 
coal or altered it to natural coke over several square miles (fig. 21).

IGNEOUS ROCKS

The Spanish Peaks region is recognized in geologic textbooks as a 
classic area for the occurrence of many types of igneous features. 
Stocks, laccoliths, plugs, dikes, and sills have been intruded into the 
sedimentary rocks in and adjacent to the Trinidad coal field.



RESOURCES OF TRINIDAD COAL FIELD, COLORADO 147

FIGURE 21. Coal bed. in Raton formation intruded by igneous sill. Sill, s,, is discontinu­ 
ous along outcrop, and has replaced a large part of the coal, c. Along Colorado State 
Route 12 about one-half mile east of Medina Plaza, Colo. View is eastward.

STOCKS

Large stocks make up the Spanish Peaks that topographically 
dominate the Trinidad coal field. Other stocks make up Dike Moun­ 
tain northwest of La Veta and the White Peaks southwest of La Veta. 
A feature that may be a stock with several apophyses is intruded 
along the axis of the Cuatro syncline southwest of Tercio.

The West Spanish Peak stock of syenodiorite porphyry intrudes 
the Huerfano (?) and Cuchara formations near the axis of the La 
Veta syncline. The western part of the mass caps the sedimentary 
rocks near the top of the peak, and the base cuts across them at a 
relatively low angle. However, near the center of the intrusive, the 
base steepens sharply downward so that the contact between the 
igneous mass and the sedimentary rocks is several thousand feet lower 
than at the western part of the stock. There is no apparent doming 
of the sedimentary rocks about the stock. Hills (1901, p. 4) termed 
the rocks of the West Spanish Peak stock augite diorite, and Knopf 
(1936, p. 1735) stated that the West Spanish Peak stock consists of 
plutonic rock of several facies of syenodiorite. The stock of West 
Spanish Peak is surrounded by an impressive system of nearly radial
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dikes, which seems to have its focus in the area occupied by the stock 
(Johnson, 1958b, p. 1731).

The East Spanish Peak stock of granite porphyry and granodiorite 
porphyry intrudes the Cuchara formation of Eocene age and older 
sedimentary rocks of Paleocene and Cretaceous age. Doming of these 
sedimentary rocks is quite extensive along the southern and western 
flanks of the peak. Hills (1901, p. 4) states that an augite-granite 
porphyry occupies the summit and the western face of the East 
Spanish Peak, and a granite porphyry forms the main mass of the East 
Spanish Peak and the ridge extending northwestward from it. He 
believed that this rock grades upward into the augite-granite por­ 
phyry through a very narrow zone. Knopf (1936, p. 1735 1736) 
classified Hills' augite-granite porphyry as a grandiorite porphyry, 
and considered it intrusive into the granite porphyry. Knopf's con­ 
tention is confirmed by the discovery by the author of a black fine­ 
grained border facies where the granodiorite porphyry has been chilled 
against the granite porphyry. This f acies could be traced through­ 
out the southeast quadrant of the peak. The intrusive that 
metamorphosed the sedimentary rocks in the faulted block south­ 
west of the stock is the granite porphyry. A few thin dikes of gabbro 
lamprophyre and basalt cut the East Spanish Peak stock near the 
southeastern margin.

The granite porphyry stock that forms the three hills known as 
North, Middle, and South White Peaks is intruded into the Pierre 
shale, the Trinidad sandstone, the Vermejo formation, the Raton 
formation, and the lower part of the Poison Canyon formation. 
There is no apparent doming due to the invasion of the magma in 
the sedimentary rocks next to the igneous mass. No dikes cut the 
intrusive, and dikes of grandiorite porphyry, syenite porphyry, and 
syenodiorite porphyry that are radial from West Spanish Peak 
extend westward only as far as the eastern margin of the White Peaks 
stock. However, several dikes of gabbro lamprophyre and diorite 
porphyry and microdiorite cut older rocks directly west of the White 
Peaks stock.

Four small apophyses of what may be a concealed stock of syenite 
porphyry intrude the Poison Canyon formation along the axis of the 
Cuatro syncline about 4 miles southwest of Tercio in the extreme 
southwestern part of the Trinidad coal field. These offshoots form 
small rounded hills, and the contacts are not well exposed. The 
invasion of the magma does not seem to have warped or metamor­ 
phosed the surrounding sedimentary rocks.

The Dike Mountain stock of syenodiorite porphyry is on the north­ 
west margin of the coal field, and thus probably affects the coal-bearing
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rocks. The stock intrudes the Cuchara formation near the axis of the 
La Veta syncline. The contact of the intrusive with the surrounding 
sedimentary rocks is covered, but there does not appear to be doming 
or metamorphism of the enclosing rocks. A very striking and 
conspicuous swarm of dikes radiate from Dike Mountain in all di­ 
rections. The rocks of the dikes are similar to the rock of the main 
intrusive, and are f acies of syenodiorite.

LACCOLITH

The Black Hills laccolith of syenodiorite porphyry has been intruded 
between the Pierre shale and the Poison Canyon formation on the 
axis of the Greenhorn anticline at the north end of the coal field. The 
base of the laccolith is generally well exposed, and metamorphism and 
doming of the enclosing sedimentary rocks is evident. Beds of the 
Poison Canyon formation arch over the southern part of the Black 
Hills intrusive, but have been eroded from the mass elsewhere. 
Several small, circular isolated outcrops of igneous rock bordering the 
Black Hills are thought to be offshoots of the main mass. Hills 
(1900, p. 3) thought that the Dike Mountain and Black Hills in­ 
trusive rocks were genetically related, but, although they are mega- 
scopically similar, no surface connection is visible.

PLUGS

Goemmer Butte is an igneous plug of latite that intrudes the 
Cuchara formation about 2^o miles southwest of La Veta. The rock 
is dark gray and very fine grained. Knopf (1936, p. 1778-1779) 
concluded that Goemmer Butte is a volcanic neck, and identified the 
rock as latite. A small plug of microgranite intrudes the Cuchara 
formation about 5y2 miles northeast of La Veta. The rock is light 
gray to white and very fine grained.

DIKES

Many dikes intrude Upper Cretaceous and Tertiary sedimentary 
rocks throughout the Trinidad coal field except south of the Purga- 
toire River where there are only a few short dikes. The dikes range 
in width from 1 to more than 100 feet, and extend for a maximum of 
almost. 14 miles. They are generally more resistant to erosion than 
the rocks of the intruded formations, and consequently they stand as 
relatively straight vertical walls as much as 100 feet above the sur­ 
rounding country. However, some of the more mafic dikes weather 
more rapidly than the intruded sedimentary rocks to form trenches. 
Polygonal joints normal to the dike walls are common. At some
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places metamorphosed country rock adheres to the dikes. The dikes 
range from microgranite and granite porphyry to olivine gabbro 
lamprophyre.

The distribution of dikes in the Trinidad coal field suggests the 
presence of at least five superimposed groups or swarms. The most 
conspicuous is the swarm that is radial from West Spanish Peak. 
The greatest concentration of dikes in this swarm is west of West 
Spanish Peak where they are generally short. The dikes rarely 
intrude the metamorphosed uppermost beds of the Huerfano (?) for­ 
mation. These dikes range from microgranite and granite porphyry 
to gabbro lamprophyre and basalt.

A second system of dikes transects those that radiate from West 
Spanish Peak. This system is made up of subparallel dikes that 
strike from N. 60° E. in the northern part of the field to N. 86° E. 
in the southern part. Dikes of this system crop out from about 37° 10' 
to 37°40' north latitude. The trend of the dikes is normal to the 
general trend of the folded sedimentary rocks. Dikes of this system 
are the longest within the coal field; they range in length from 2 to 
almost 14 miles. These dikes range from syenite porphyry and 
lamprophyre to olivine gabbro lamprophyre.

The swarm that is radial from Dike Mountain 20 miles northwest 
of West Spanish Peak is another conspicuous system. Like the 
West Spanish Peak system, the dikes radiating to the west are shorter 
than those radiating to the east. The longest dikes extend east- 
northeastward to within a few hundred feet of the intrusive mass 
that makes up the Black Hills. The dike rocks are similar to those 
of Dike Mountain and the Black Hills, and are facies of syenodiorite.

A large dike of microsyenodiorite southwest of Walsenburg extends 
across the eastern part of the coal field in an east-west direction. It 
is generally arcuate in plan and concave toward the south. The 
strike varies from N. 83° E. at its western extremity to N. 85° W. 
at its eastern extremity.

Throughout the Trinidad coal field there are many isolated single 
or small sets of basaltic and lamprophyric dikes that show no ap­ 
parent pattern or general associations with the large dike systems or 
other types of intrusions. The dikes are thin and short.

SILLS

Basalt, gabbro lamprophyre, and microsyenodiorite sills 'intrude 
the sedimentary rocks of the Trinidad sandstone, Venue jo formation, 
and Eaton formation as well as the beds of the Huerf ano (?) forma­ 
tion near the West Spanish Peak stock. Sills are most abundant and 
extensive in the eastern part of the coal field from latitude 37°30'
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north southward to the latitude of Trinidad and the drainage of the 
Purgatoire River to a point about a mile west of Weston. There are 
few sills in the coal field north of the Cuchara River, and they are 
uncommon or absent in the Trinidad sandstone, Vermejo formation, 
and Raton formation along the western margin of the coal field.

Several dikes radiating northwestward from West Spanish Peak 
are apparently parallel to the strike of strata in the Poison Canyon 
and Cuchara formations west of the Cuchara River, and seem to be 
sills in this area. Although the sedimentary beds are steeply dipping 
at 25° to 51°, the dikes are nearly vertical, and probably cut across 
the beds below the surface.

Only two sills, except for those intruding the metamorphosed beds 
of the Huerfano (?) formation adjacent to the West Spanish Peak 
stock, intrude as high in the stratigraphic sequence as the Poison 
Canyon'formation, and these are in the lowermost beds of the Poison 
Canyon south of the South Fork of the Purgatoire River about 2 
miles east of Tercio and southwest of Morley. Knopf (1936, p. 1774) 
reported a sill of microgranite 20 feet thick near the Spanish Peaks 
on the upper reaches of the South Fork of Trujillo Creek.

The sills in the Trinidad coal field are commonly complex or mul­ 
tiple intrusions that have invaded the shaly or coaly units of the 
Upper Cretaceous and Tertiary formations. They are generally more 
resistant than the shale or coal and commonly form strike ridges and 
ledges. They generally are not thick individual sheets, but are made 
up of anastomosing stringers of igneous rocks that seem to be con­ 
centrated in narrow zones. Some of the sills seem to cut across 
bedding, but poor exposures make determination of the exact relations 
difficult. Near Santa Clara Creek and south to Trinidad, sills are 
connected with dikes at several places. These dikes are lithologically 
similar to the sills. They are part of the dike systems that strike in 
a general east-west direction across the coal field, and cut the swarm 
radiating from West Spanish Peak.

The sill rock is dark gray and fine grained. Away from their con­ 
tacts with the intruded rocks some of the thicker sills are coarse 
grained with diabasic texture. The sills range in thickness from a 
few inches to 40 feet, and extend over several square miles.

GEOLOGIC STRUCTURE

The principal structural feature of the Trinidad coal field is the 
Raton basin, which is a broad asymmetrical trough whose axis trends 
generally northward from near Ute Park, N. Mex., into Huerfano 
Park, Colo. The Colorado part of the trough has been named the La 
Vet a syncline (Johnson and Stephens, 1954a; Wood, Johnson, and
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Dixon, 195.6). The eastern limb of the syiicline has a gentle dip, 
whereas the western limb dips steeply and is vertical to overturned in 
places. The Greenhorn anticline plunges southward from the Wet 
Mountains, and splits the La Veta syncline into a major syncline 
to the west, and a minor one, the Delcarbon syncline (Johnson and 
Stephens, 1954a), to the east. In cross section the Delcarbon syncline 
is shallower and more symmetric than the La Veta syncline.

THRUST FAULTS

One to three thrust faults parallel the east front of the Sangre de 
Cristo Mountains along the steep western margin of the coal field. 
Two fault blocks northwest of La Veta are composed of two or possibly 
three imbricate thrust plates east of the Sangre de Cristo thrust fault. 
One plate, with which the coal-bearing Vermejo formation is associ­ 
ated, is complicated by an overturned and compressed syncline and 
anticline whose axial planes parallel the trace of the major thrust 
faults and are inclined to the west. The anticline has been strongly 
sheared by a thrust fault.

At the southern terminus of a thrust fault south of Cuchara Pass 
near the west margin of the coal field two tear faults trend southeast­ 
ward, and cut the coal-bearing formations.

NORMAL FAULTS

Normal faulting is not characteristic of the coal field, but isolated 
groups of normal faults occur throughout the area. Two normal 
faults at the north end of the coal field cut the two flanks of the 
Delcarbon syncline, and trend generally parallel to the axis of the 
syncline with the upthrown sides toward the axis of the syncline. 
The throw of each fault is less than 50 feet.

The highly fractured and altered block of sedimentary rocks that 
lies between the Spanish Peaks seems to have been brought from depth 
by the intrusion of the East Spanish Peak magma. The relations 
of the faulting are obscured by cover, but the faults seem to be 
normal. The rocks are highly fractured and faulted, and only the 
major faults were mapped. The vertical displacement along these 
major faults may be as much as 6,000 feet.

Several small normal faults occur northeast of Weston. These 
faults trend north, east, northeast, and northwest, and seem to be 
related to a small anticline or dome. Faults north of the dome have 
been downthrown on the southern, southeastern, and southwestern 
sides; whereas faults south of the dome have been downthrown on 
the western, northwestern, and northeastern sides. Most of the
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faults are nearly vertical and have displacements of less than 50 feet. 
Solitary vertical or nearly vertical normal faults occur locally, 

and are of such small displacement and extent that they are not shown 
on the geologic map (pi. 12).

FOLDS

The Greenhorn anticline, which splits the La Veta syncline, plunges 
southward into the Trindad coal field. The intrusion of the Black 
Hills magma on the nose of the anticline has further domed the in­ 
truded sedimentary rocks, and beds of the Poison Canyon formation 
arch over the southern part of the intrusive mass. They have been 
eroded from the Black Hills elsewhere.

The intrusion of the East Spanish Peak stock has domed beds of the 
Cuchara formation directly west and south of the stock, but beds to 
the north and east of it have not been folded by the invasion of the 
magma.

A narrow, slightly sinuous monoclinal flexure is located 3 miles 
northwest of Aguilar. The monocline trends northeastward through 
beds of the Trinidad sandstone and the Vermejo, Raton, and Poison 
Canyon formations. The rocks on the northeast side of the monocline 
are downfolded through a zone less than one-fourth of a mile wide. 
Dips may be as much as 50° at places. The vertical displacement is 
about 50 feet at the eastern edge of the coal field, and it increases 
southwestward to a maximum of nearly 200 feet. The fold is sharp, 
and at places along the edges of the flexure the rocks increase in dip 
from less than 2° to more than 40° within horizontal distances of less 
than 400 feet (Harbour and Dixon, 1959, p. 464).

At Morley a large mafic sill, which does not crop out in the map 
area, has been intruded between the Purgatoire formation and the 
Dakota sandstone of Early Cretaceous age, and has arched the beds 
above it into an irregular dome called the Morley dome. Raton Creek, 
which flows across the western flank of the dome, has breached the 
anticline to expose beds of the Poison Canyon, Raton, and Vermejo 
formations, the Trinidad sandstone, and older Cretaceous rocks.

In the southwestern part of the coal field are the Tercio anticline and 
the Cuatro syncline. Rincon Creek and the South Fork of the Purga­ 
toire River have breached the anticline to expose beds of the Poison 
Canyon, Raton, and Vermejo formations, the Trindad sandstone, and 
older Cretaceous rocks. The anticline may have a closure of almost 
1,000 feet.

Several long, narrow, irregular folds of low structural relief are 
prevalent south of the Spanish Peaks. The axes of these folds have 
no preferred orientation (Wood, Johnson, and Dixon, 1957, pi. 2).
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COAL RESOURCES

The coal-bearing formations of the Trinidad coal field are the 
Vermejo and Eaton formations. Thin noncommercial beds of coal 
occur locally in the lowermost strata of the Poison Canyon formation. 
The coal-bearing formations are poorly exposed except along the 
Purgatoire Eiver and most of its tributaries and in the area between 
Aguilar and Trinidad. Coal beds are exposed intermittently along 
the outcrops of the coal field. The coal beds dip into the troughs of 
the La Veta, Delcarbon, and Cuatro synclines so that a large part 
of the coal lies more than 3,000 feet beneath the surface (pi. 12), 
and cannot be reached by present mining methods.

Coal beds are more numerous, thicker, and considerably more ex­ 
tensive in the Vermejo formation than in the Baton formation. Thick 
coal beds in the Raton formation are generally local in extent, and 
are mainly in the lower part of the formation. Some beds of coal 
in the Eaton formation undoubtedly occur at depth in the trough of 
the La Veta syncline in the northern part of the coal field where the 
Eaton formation is bevelled and unconformably overlain by the 
Poison Canyon formation.

COAL BEDS OF THE VERMEJO FORMATION

The Vermejo formation contains from 3 to 14 coal beds more than 
14 inches thick everywhere in the coal field. These coal beds are 
lenticular, irregular in thickness, and are interbedded with shale and 
siltstone. The floors and roofs of mines are generally carbonaceous 
shale and claystone, but locally they may be carbonaceous siltstone 
and sandstone. Bony coal, carbonaceous shale, and carbonaceous 
siltstone form partings in the coal beds. The coal is brittle and 
friable with a bright luster, and consists of vitrain alternating with 
bands of fusain and durain. It has prismatic or cubic cleat and platy 
cleavage. Spheroidal coal similar to that in the Stonewall-Tercio 
area (Wood, Johnson, Eargle, and others, 1951) occurs at many 
places. Impurities, common in most of the beds, are mainly pyrite 
and elemental sulfur with some grains of silt and sand. Boot impres­ 
sions are imperfectly preserved at many localities in the carbonaceous 
shale and siltstone beds that underlie the coal beds. Conversion of 
the coal by intrusion of sills to natural coke is common in the south­ 
eastern part of the coal field (Wood, Johnson, and Dixon, 1957, p. 
53; Harbour and Dixon, 1959, p. 462, 472).

The coal from the area north of the Spanish Peaks is a nonagglom- 
erating and nonweathering high-volatile C bituminous coal, and that 
from south of the peaks is an agglomerating and weathering high-
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volatile A and B bituminous coal. This is indicated in the accompany­ 
ing table of analyses of coal (table 1) from mines in the Trinidad 
coal field, and the system of coal classification (table 2) of the 
American Society for Testing Materials.

The coal beds of the Vermejo formation have been mined exten­ 
sively along the eastern and northern parts of the coal field, and much 
less extensively along the western outcrop of the formation. Coal 
beds near the base of the formation are more extensive than those 
in the upper part, and minable beds occur within a few feet of the 
top of the Trinidad sandstone at most localities. A few of the coal 
beds are directly overlain by the conglomerate bed at the base of the 
Eaton formation at a few places.

COAL BEDS OF THE EATON FOEMATION

The Raton formation locally contains many coal beds more than 14 
inches thick. There are only four coal beds in the Raton formation 
that are sufficiently thick and extensive to be of economic importance. 
They are the Ciruela bed (Wood, Johnson, Eargle, and others, 1951), 
the Frederick and Primero beds (Wood, Johnson, and Dixon, 1957, 
p. 33-35), and the Delagua No. 1 bed (Harbour and Dixon, 1959, p. 
471). The coal beds of the Raton formation are generally thinner, 
more lenticular, and more irregular in thickness, and more widely 
spaced than those of the Vermejo formation. Partings of bony coal, 
carbonaceous shale, and carbonaceous siltstone are more common in 
the coal beds of the Raton formation. The coal beds are interbedded 
in shale and siltstone. The roof and floor rocks of the coal beds in 
the Raton formation are generally of carbonaceous siltstone and shale; 
however, at many places the roof is a thick sandstone bed (fig. 20). 
Root impressions and carbonized fossil roots are quite common be­ 
neath many of the coal beds in the Raton formation.

The coal in the Raton formation consists of approximately equal 
parts of durain and vitrain with lesser amounts of fusain. The coal 
is brittle and friable with bright to dull luster, and has cubic or pris­ 
matic cleat and platy cleavage. Conchoidal fracture is common, as 
is spheroidal coal at some localities. The coal is generally pure, but 
such impurities as pyrite, elemental sulfur, quartz sand grains, and 
limonite are generally present in small quantities. A few coal beds 
have been destroyed by the intrusion of igneous sills, and most of 
these beds are along the Purgatoire River valley.

As in the Vermejo formation, the coal of the Raton formation from 
north of the Spanish Peaks is generally a high-volatile C nonag- 
glomerating and nonweathering bituminous coal, but that from south
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TABLE 2. Classification of coals by rank 1

[From American Society for Testing Materials (1938)]

Class

I. Anthracitic.-.-_-

II. Bituminous 3 .....

 

III. Subbituminous..

IV. Lignitic..__-_ ...

Group

1. Meta-anthracite..

2. Anthracite .

3. Semianthracite__ ....

1. Low volatile bitu­
minous coal.

2. Medium-volatile bi­
tuminous coal.

3. High- volatile A bitu­
minous coal.

4. High-volatile B bitu­
minous coal.

5. High-volatile C bitu­
minous coal.

1. Subbituminous A
coal.

2. Subbituminous B
coal.

3. Subbituminous C
coal.

1. Lignite. _____________
2. Brown coal. _____ _

Limits of fixed carbon or Btu 
mineral-matter-free basis

Dry F. C., 98 percent or more
(dry V. M., 2 percent or less) .

Dry F.C., 92 percent or more
and less than 98 percent (dry
V.M., 8 percent or less and
more than 2 percent).

Dry F.C., 86 percent or more
and less than 92 percent (dry
V.M., 14 percent or less and
more than 8 percent) .

Dry F.C., 78 percent or more
and less than 86 percent (dry
V.M., 22 percent or less and
more than 14 percent) .

Dry F.C., 69 percent or more
and less than 78 percent (dry
V.M., 31 percent or less and
more than 22 percent) .

Dry F.C., less than 69 percent
(dry V.M., more than 31
percent); and moist 4 Btu,
14,000 5 or more.

Moist 4 Btu, 13,000 or more
and less than 14,000.'

Moist Btu, 11,000 or more and
less than 13.000. 5

Moist Btu, 11,000 or more and
less than 13,000. 5

Moist Btu, 9,500 or more and
less than 11,000.'

Moist Btu, 8,300 or more and
less than 9.500.5

Moist Btu, less than 8,300.____
Moist Btu, less than 8,300. _-__

Requisite physical 
properties

Nonagglomerating.2

Either agglomerating
or nonweathering. 6

Both weathering and
nonagglomerating.

Consolidated.
Unconsolidated.

Legend: F.C. = Fixed carbon. V.M.=Volatile matter. Btu=British thermal units.
1 This classification does not include a few coals which have unusual physical and chemical properties 

and which come within the limits of fixed carbon or Btu of the high-volatile bituminous and Subbituminous 
ranks. All of these coals either contain less than 48 percent dry, mineral-matter-free fixed carbon or have 
more than 15,500 moist, mineral-matter-free Btu.

2 If agglomerating, classify in low-volatile group of the bituminous class.
3 It is recognized that there may be noncaking varieties in each group of the bituminous class.
4 Moist Btu refers to coal containing its natural bed moisture but not including visible water on the sur­ 

face of the coal.
6 Coals having 69 percent or more fixed carbon on the dry, mineral-matter-free basis shall be classified 

according to fixed carbon, regardless of Btu.
6 There are three varieties of coal in the high-volatile C bituminous coal group, namely, Variety 1, ag­ 

glomerating and nonweathering; Variety 2, agglomerating and weathering; Variety 3, nonagglomerating and 
nonweathering.

of the peaks is an agglomerating and weathering high-volatile A and 
B bituminous coal. This is shown in the table of analyses of coal 
(table 1) from mines in the Trinidad coal field, and the system of 
coal classification (table 2) of the American Society for Testing Ma­ 
terials. It is likely, however, that some of the beds, for which in­ 
formation is not available, may be of coking quality north of the 
peaks and of domestic quality (that is, nonagglomerating) south of 
the peaks.
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Coal beds in the Primero, Frederick, and Delagua No. 1 Mines 
have been exploited extensively, and coal is being removed from the 
Ciruela bed by the recently opened Alien mine near Stonewall.

COAL RESERVES

The original reserves of coal in the Trinidad coal field occurring in 
beds more than 14 inches in thickness and with less than 3,000 feet of 
overburden are estimated to have been 16,367 million short tons 
(table 3). This estimate is based on scattered measurements of the 
thickness of coal beds at the outcrop, logs of diamond drill holes, and 
published (George, 1937, p. 184-198, 216-238) measurements of thick­ 
ness of coal beds measured in coal mines. In table 4 the reserves are 
divided according to township, amount of overburden, and thickness 
of beds, and classified as measured and indicated, and inferred, terms 
which indicate the reliability of the estimates.

The reserves of coal are given in table 4 in three thickness categories: 
14 to 28 inches, 28 to 42 inches, and more than 42 inches. In order 
to estimate tonnage in each category, isopach maps of the coal beds 
were drawn. The areal extent and average thickness of each coal bed 
within each isopach interval were determined, and from this infor­ 
mation the tonnage of coal reserves was calculated.

TABLE 3. Total estimated original coal reserves in the Trinidad coal field,
Colorado

[All coal is of bituminous rank, in thousands of short tons]

Area (fig. 18)

Spanish Peaks ---- --------------- _ _ _ _

Total Trinidad coal field..- -_---__---------_- ____---

Total reserves 
on a coal bed 

basis

120,900
667, 500
106, 808

1, 215, 590
524, 130
262, 146
490, 969
880, 320

4. 268. 363

Total reserves 
on a coal zone 

basis

201, 900
974, 440
386, 620

1, 869, 666
1, 755, 940

767, 950
1, 895, 131
4, 364, 170

12. 215, 817

Total 
reserves

322, 800
1, 641, 940

493, 428
3, 085, 256
2, 280, 070
1, 030, 096
2, 386, 100
5, 244, 490

16, 484. 180
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Estimates of measured and indicated reserves are based on specific 
measurements of coal in outcrops, wells, and mine workings. Where 
geologic evidence permits, estimates are made of coal assumed to lie 
as much as one mile from a point of observation. Inferred reserves 
are based on an inference from geologic observations regarding the 
underground extent of the individual coal beds. All coal included in 
this category lies more than one mile from the point of observation.

Reserves are also classified according to the thickness of over­ 
burden. The classifications are: 0 to 1,000 feet; 1,000 to 2,000 feet; 
and 2,000 to 3,000 feet. Much of the coal in the Vermejo and Raton 
formations in the Trinidad coal field is covered by more than 3,000 
feet of overburden (pi. 12), and is therefore not included in the re­ 
serves. Additional estimates of reserves on a zone basis are based on 
the assumption that the coal-bearing rocks contain as much coal at 
depth as at the outcrop.

MINING

Coal mining activity in the Trinidad coal field began in 1873, 
reached a climax between 1900 and 1930, and has tapered off since 
1930. Few mines are now being operated in the coal field. The most 
important in 1957 was the Alien mine owned by the Colorado Fuel 
and Iron Corporation, which produced 577,248 tons in 1956 (Colorado 
Coal Mine Inspection Department, 1957, p. 19). The large Morley 
mine closed down in 1956, and the Frederick mine had a slightly re­ 
duced production of 354,457 tons in 1956 (Colorado Coal Mine In­ 
spection Department, 1957, p. 20). Other mines that are seasonally 
worked produced between 79 and 15,707 short tons in 1956 (Colorado 
Coal Mine Inspection Department, 1957, p. 18-20).

The accompanying table of depletion (table 5) of coal reserves in­ 
cludes all available data. Because the tonnage figures for some years 
are missing the depletion figure of 217,601,743 short tons is approxi­ 
mate only. Early production figures included Huerfano and Las 
Animas Counties with other counties to the north. Separate produc­ 
tion figures for Huerfano and Las Animas Counties are continuous 
from 1884, except for the years 1889 and 1890. Coal production prior 
to 1884 probably was not large, and it is likely that table 5 approxi­ 
mates the amount of the coal produced. Mine names have been 
changed and duplicated through the years, and some errors may have 
been made in tracing the sequence of names.

No data are available regarding the percentage of coal recovered 
by mining operations in the Trinidad coal field, but it may be assumed, 
from mining averages in the western United States, to be 50 percent. 
On that basis, the amount of coal recovered and lost in mining in the 
area to January 1, 1957, is about 435 million short tons. The remain-
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ing reserves in beds more than 14 inches thick with less than 3,000 feet 
of overburden total about 3,83 billion short tons on a bed-by-bed basis. 
When the estimated original reserves on a coal-zone basis are added, 
the total remaining recoverable reserves of coal in the field are about 
8 billion short tons.

FUTURE DEVELOPMENT

Future exploitation of the coal resources of the Trinidad coal field 
may require mining in deep shafts or on steeply dipping slopes. Ex­ 
tensive beds of bituminous coal of minable thickness, much of it with 
coking qualities, remain untouched at practical mining depths. The 
Trinidad coal field offers many advantages to the coal-mining indus­ 
try, which include access to highways and railroads, supplies of 
timber and ground water, the general absence of faults, and the gen­ 
erally horizontal beds except along the western edge of the coal field. 
Several factors, such as uneven floors, weak roof rock, water seepage, 
and the presence of natural coke along the many dikes and sills, tend 
to increase the cost of mining. Gas has also been reported in some of 
the mines. Inasmuch as the coal beds vary greatly in thickness and 
extent, it would be advisable to outline the extent of the individual 
beds by drilling in order to develop a mining program.
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